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(54) IMAGE PICKUP LENS DEVICE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an image pickup lens device, having a high 
variable power zoom lens system which has variable power ratio of about 7*10 and 
F-number of about 2.5*4, has excellent performance capable of being used as an optical 
system for a newest imaging device whose picture element pitch is small and has 



excellent compactness property. 

SOLUTION* This zoom lens system comprises a first lens group (Grl) of positive power, 
a second lens group (Gr2) of negative power, a third lens group (Gr3) of positive power 
and a fourth lens group (Gr4) of negative power in this order from an object side, and 
the conditional expression l.l<fl/fT<2.5, where fl is the focal distance of the first lens 
group (Grl) and fT is the focal distance of the entire system at a telephoto end (T) is 
satisfied. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not 
reflect the original precisely. 



2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1] The zoom lens system which performs variable power by consisting of 
two or more lens groups, and changing lens group spacing, The image sensor 
which changes into an electric signal the optical image formed of the zoom lens 
system, The 1st lens group in which it is preparation ****** lens equipment and 
said zoom lens system has forward power in order [ side / body ], Image pick-up 
lens equipment characterized by satisfying the following conditional expression 
(1) including the 2nd lens group which has negative power, the 3rd lens group 
which has forward power, and the 4th lens group which has negative power; 
1.1<f1/fT<2.5 - the focal distance of the (1), however f1 :1st lens group, and the 
focal distance of the whole system in fTitele edge -- it comes out. 
[Claim 2] Image pick-up lens equipment according to claim 1 characterized by 
performing focusing and satisfying the following conditional expression (2) 
further when said 4th lens group moves in the direction of an optical axis; 



0.3<|f4/fT|<2 — (2), however the focal distance of the f4:4th lens group - it 
comes out. 

[Claim 3] Image pick-up lens equipment according to claim 1 or 2 with which said 
1st lens group moves and spacing of said 3rd lens group and said 4th lens group 
is characterized by for a wide angle edge to a middle focal distance increasing, 
and a middle focal distance to a tele edge decreasing in zooming from a wide 
angle edge to a tele edge. 

[Claim 4] The zoom lens system which performs variable power by consisting of 
two or more lens groups, and changing lens group spacing, The image sensor 
which changes into an electric signal the optical image formed of the zoom lens 
system, The 1st lens group in which it is preparation ****** lens equipment and 
said zoom lens system has forward power in order [ side / body ], Image pick-up 
lens equipment characterized by for the 1st lens group moving in zooming and 
satisfying the following conditional expression (3) including the 2nd lens group 
which has negative power, the 3rd lens group which has forward power, and the 
4th lens group which has negative power; 

0.3 - < - D34 W/D34T<2.5 - (3) however air spacing between the 3rd lens 
groups and the 4th lens groups in a D34W:wide angle edge, and air spacing 



between the 3rd lens groups and the 4th lens groups in a D34T:tele edge - it 
comes out. 

[Claim 5] Image pick-up lens equipment according to claim 4 characterized by 
said 4th lens group moving to a body side in zooming from a wide angle edge to 
a tele edge. 

[Claim 6] Image pick-up lens equipment according to claim 4 or 5 with which 
spacing of said 3rd lens group and said 4th lens group is characterized by for a 
wide angle edge to a middle focal distance increasing, and a middle focal 
distance to a tele edge decreasing in zooming from a wide angle edge to a tele 
edge. 

[Claim 7] Image pick-up lens equipment according to claim 4, 5, or 6 
characterized by for focusing being performed by migration of said 4th lens 
group, and satisfying the following conditional expression (4) further; 
0.5< betaW4<2 — the lateral magnification of the 4th lens group in a (4), however 
betaW4:wide angle edge - it comes out. 



[Translation done.] 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] the image pick-up lens equipment to which this invention 
is optically incorporated according to optical system, and outputs especially the 
image of a photographic subject as an electric signal with an image sensor about 
image pick-up lens equipment - {— for example, it is related with the image 
pick-up lens equipment which equipped a digital camera; video camera; digital 
video unit, the personal computer, the mobile computer, the cellular phone, the 
information personal digital assistant (PDA:Personal Digital Assistant), etc. with 
built-in or main component} of the camera by which external is carried out, and 
the zoom lens system of high variable power compact especially. 



[0002] 

[Description of the Prior Art] the 1st lens group which has forward power in order 
[ side / body ] as a high variable power zoom lens for digital cameras, the 2nd 
lens group which has negative power, the 3rd lens group which has forward 
power, and the 4th lens group which has forward power — since — the type which 
changes occupies the mainstream conventionally (for example, JP,4-296809,A). 
This is because forward, negative, forward, and a forward type are excellent in 
compactability. 

[0003] moreover, as a zoom lens which attained the high variable power ratio 
The 1st lens group which has forward power in order [ side / body ], and the 2nd 
lens group which has negative power, The 3rd lens group which has forward 
power, and the 4th lens group which has negative power, since — with the 1st 
lens group which has forward power in order [ side / the what (for example, 
JP, 5-341 189,A) side changes, and / body ] the 2nd lens group which has 
negative power, the 3rd lens group which has forward power, the 4th lens group 
which has negative power, and the 5th lens group which has forward power — 
since — what changes (for example, JP,10-1 1 1457, A) is known. 
[0004] 



[Problem(s) to be Solved by the Invention] Since the 1st lens group is 
immobilization in zooming, the zoom lens of forward, negative, forward, and the 
negative type proposed by JP,5-341 189,A is unsuitable for further 
high-performance-izing accompanying the further formation of a high variable 
power ratio and the further formation of a small pitch of an image sensor. 
Moreover, although the zoom lens of forward, negative, forward, negative, and 
the forward type proposed by JP,10-111457,A also moves the 1st lens group in 
zooming, especially many aberration generated by each group since the power 
of the 1st and 2nd lens group is strong becomes large. Therefore, it is difficult to 
realize further high performance-ization accompanying the further formation of a 
high variable power ratio and the further formation of a small pitch of an image 
sensor. Moreover, the type containing forward, negative, forward, and the 
negative one to which the 4th lens group changes from a negative group also 
has the fault that it is a little inferior by compactability compared with forward and 
a negative, forward, and forward type. 

[0005] This invention is made in view of such a situation. The purpose It is in 
realizing a type with the performance which exceeds forward, negative, forward, 
and a forward type by compactability. 7 times to about 10 times and the f number 



especially about by 2.5 to four [ a variable power ratio ] It aims at offering the 
image pick-up lens equipment which has the high variable power zoom lens 
system which had the high engine performance which can be used also as 
optical system for the image sensors of the latest small pixel pitch, and was 
excellent in compactability. 
[0006] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, 
the image pick-up lens equipment of the 1st invention The zoom lens system 
which performs variable power by consisting of two or more lens groups, and 
changing lens group spacing, The image sensor which changes into an electric 
signal the optical image formed of the zoom lens system, The 1st lens group in 
which it is preparation ****** lens equipment and said zoom lens system has 
forward power in order [ side / body ], It is characterized by satisfying the 
following conditional expression (1) including the 2nd lens group which has 
negative power, the 3rd lens group which has forward power, and the 4th lens 
group which has negative power. 

1.1<f1/fT<2.5 - the focal distance of the (1), however f1 :1st lens group, and the 
focal distance of the whole system in fT:tele edge — it comes out. 



[0007] In the configuration of invention of the above 1st, focusing is performed 
and the image pick-up lens equipment of the 2nd invention is characterized by 
satisfying the following conditional expression (2) further, when said 4th lens 
group moves in the direction of an optical axis. 

0.3<|f4/fT|<2 - (2), however the focal distance of the f4:4th lens group -- it 
comes out. 

[0008] The image pick-up lens equipment of the 3rd invention is characterized by 
for said 1st lens group moving, for spacing of said 3rd lens group and said 4th 
lens group increasing from a wide angle edge to a middle focal distance, and a 
middle focal distance to a tele edge decreasing in zooming from a wide angle 
edge to a tele edge in the configuration of the above 1st or the 2nd invention. 
[0009] The zoom lens system which performs variable power by the image 
pick-up lens equipment of the 4th invention consisting of two or more lens 
groups, and changing lens group spacing, The image sensor which changes into 
an electric signal the optical image formed of the zoom lens system, The 1st lens 
group in which it is preparation ****** lens equipment and said zoom lens system 
has forward power in order [ side / body ], Including the 2nd lens group which 
has negative power, the 3rd lens group which has forward power, and the 4th 



lens group which has negative power, the 1st lens group moves in zooming and 
it is characterized by satisfying the following conditional expression (3). 
0.3 - < - D34 W/D34T<2.5 (3) however air spacing between the 3rd lens 
groups and the 4th lens groups in a D34W:wide angle edge, and air spacing 
between the 3rd lens groups and the 4th lens groups in a D34T:tele edge — it 
comes out. 

[0010] The image pick-up lens equipment of the 5th invention is characterized by 
said 4th lens group moving to a body side in zooming from a wide angle edge to 
a tele edge in the configuration of invention of the above 4th. 
[001 1] The image pick-up lens equipment of the 6th invention is characterized by 
for spacing of said 3rd lens group and said 4th lens group increasing from a wide 
angle edge to a middle focal distance, and a middle focal distance to a tele edge 
decreasing in zooming from a wide angle edge to a tele edge in the configuration 
of the above 4th or the 5th invention. 

[0012] In the configuration of the above 4th, the 5th, or the 6th invention, 
focusing is performed by migration of said 4th lens group, and the image pick-up 
lens equipment of the 7th invention is characterized by satisfying the following 
conditional expression (4) further. 



0.5< betaW4<2 the lateral magnification of the 4th lens group in a (4), however 

betaW4:wide angle edge — it comes out. 

[0013] 

[Embodiment of the Invention] Hereafter, the image pick-up lens equipment 
which carried out this invention is explained, referring to a drawing, the camera 
with which the image pick-up lens equipment which incorporates the image of a 
photographic subject optically and is outputted as an electric signal is used for 
still picture photography and animation photography of a photographic subject 
{- for example, it is the main component of built-in or camera} by which external 
is carried out at a digital camera; video camera; digital video unit, a personal 
computer, a mobile computer, a cellular phone, an information personal digital 
assistant (PDA), etc. as shown in drawing 26 , the image pick-up lens equipment 
comes out sequentially from a body (photographic subject) side with the image 
sensor (SR) which changes into an electric signal the optical image formed of 
the taking-lens system (TL) which forms an objective optical image, and the 
plane-parallel plate (PL) equivalent to an optical low pass filter etc. and a 
taking-lens system (TL), and is constituted. 

[0014] With the gestalt of each operation mentioned later, the zoom lens system 



which consists of two or more lens groups is used as a taking-lens system (TL), 
two or more lens groups move in accordance with an optical axis (AX), and 
variable power is performed by changing lens group spacing. Solid state image 
sensors which consist, for example of two or more pixels as an image sensor 
(SR), such as CCD (Charge Coupled Device) and a CMOS (Complementary 
Metal Oxide Semiconductor) sensor, are used, and the optical image formed of 
the zoom lens system is changed into an electric signal. Moreover, when the 
optical image which should be formed by the zoom lens system passes the 
optical low pass filter (PL) which has the predetermined cut-off frequency 
property determined with the pixel pitch of an image sensor (SR), spatial 
frequency characteristics are adjusted so that the so-called clinch noise 
generated in case it is changed into an electric signal may be minimized. 
Predetermined digital image processing, picture compression processing, etc. 
are performed if needed, it is recorded on memory (semiconductor memory, 
optical disk, etc.) as a digital video signal, a cable is minded depending on the 
case, or the signal generated with the image sensor (SR) is changed into an 
infrared signal, and is transmitted to other devices. 

[0015] Drawing 1 - drawing 9 are the lens block diagrams corresponding to the 



zoom lens system which constitutes the gestalt of the 1st - the 9th operation, 
respectively, and show lens arrangement in a wide angle edge (W) in the optical 
cross section. The arrow head mj (j= 1, 2, ...) in each lens block diagram shows 
typically migration (however, the broken-line arrow head mj expresses that it is 
location immobilization in zooming.) of the j-th lens group (Grj) in zooming from a 
wide angle edge (W) to a tele edge (T), respectively, and the arrow head mF 
shows the migration direction of the focal group in focusing to the contiguity from 
infinite distance. Moreover, among each lens block diagram, the field where ri (i= 
1, 2 and 3, ...) was attached is counted from a body (photographic subject) side, 
and is the i-th field, and the field where * mark was given to ri is the aspheric 
surface. Axial top-face spacing to which di (i= 1, 2 and 3, ...) was given is 
variable spacing which counts from a body side and changes in zooming among 
the i-th axial top-face spacing. 

[0016] Each zoom lens system of the gestalt of each operation contains the 1st 
lens group (Gr1) which has forward power, the 2nd lens group (Gr2) which has 
negative power, the 3rd lens group (Gr3) which has forward power, and the 4th 
lens group (Gr4) which has negative power in order [ side / body ]. And the glass 
plane-parallel plate equivalent to an optical low pass filter etc., i.e., a glass plate, 



(PL) is arranged at the image surface side as a zoom lens system used for the 
camera (for example, digital camera) equipped with the solid state image sensor 
(for example, CCD). Also in the gestalt of which operation, a glass plate (PL) is 
location immobilization in zooming, and the 3rd lens group (Gr3) is extracted to 
the maximum body side, and contains (ST). 

[0017] the 1st lens group (Gr1) in which the zoom lens system of the gestalt of 
the 1st operation has forward power in order [ side / body ], the 2nd lens group 
(Gr2) which has negative power, the 3rd lens group (Gr3) which has forward 
power, and the 4th lens group (Gr4) which has negative power — since - it is 4 
group zoom lens of forward, negative, forward, and the negative type which 
changes. The zoom lens system of the gestalt of the 2nd - the 4th, 6th, 8th, and 
9th operation The 1st lens group (Gr1) which has forward power in order [ side / 
body ], and the 2nd lens group which has negative power (Gr2), the 3rd lens 
group (Gr3) which has forward power, the 4th lens group (Gr4) which has 
negative power, and the 5th lens group (Gr5) which has forward power ~ since — 
it is 5 group zoom lens of forward, negative, forward, negative, and the forward 
type which changes. 

[0018] The 1st lens group in which the zoom lens system of the gestalt of the 5th 



operation has forward power in order [ side / body ] (Gr1), The 2nd lens group 
(Gr2) which has negative power, and the 3rd lens group which has forward 
power (Gr3), the 4th lens group (Gr4) which has negative power, the 5th lens 
group (Gr5) which has forward power, and the 6th lens group (Gr6) which has 
negative power - since - it is 6 group zoom lens of forward, negative, forward, 
negative, forward, and the negative type which changes. The 1st lens group in 
which the zoom lens system of the gestalt of the 7th operation has forward 
power in order [ side / body ] (Gr1), The 2nd lens group (Gr2) which has negative 
power, and the 3rd lens group which has forward power (Gr3), the 4th lens group 
(Gr4) which has negative power, the 5th lens group (Gr5) which has forward 
power, and the 6th lens group (Gr6) which has forward power — since — it is 6 
group zoom lens of forward, negative, forward, negative, forward, and the 
forward type which changes. 

[0019] Any gestalt of operation is the zoom type which starts in forward, negative, 
forward, and a negative one. Compared with forward, negative, forward, and the 
forward type both whose 3rd and 4th lens groups (Gr3, Gr4) have forward power 
By the zoom type containing forward, negative, forward, and the negative one 
which made the 4th lens group (Gr4) the negative lens group Since the sign of 



the power of the 3rd lens group (Gr3) and the 4th lens group (Gr4) is different, a 
higher variable power ratio can be earned by the 3rd and 4th lens group (Gr3, 
Gr4), and there is a merit of being easy to secure high variable power, in addition, 
as a type containing forward, negative, forward, and a negative one (Forward, 
negative, forward, and negative) 4 group type; (Forward, negative, forward, and 
negative) Variations, such as - forward (forward, negative, forward, and 
negative), negative 5 group type; (forward, negative, forward, and negative), 
forward [ negative ], and forward one, - (forward, negative, forward, and 
negative) forward and a negative one, a - (forward, negative, forward, and 
negative) negative, and 6 group type forward (forward, negative, forward, and 
negative), negative, and negative, are mentioned. 

[0020] In the zoom lens system of the type which contains forward and a 
negative, forward, and negative zoom group in order, it is more desirable than a 
body side like the gestalt of each operation to satisfy the following conditional 
expression (1). Thereby, the compact zoom lens system of high variable power 
is realizable. And the high engine performance which a variable power ratio can 
use by 7 times to about 10 times, and the f number can use about by 2.5 to four 
also as optical system for the image sensors (SR) of the latest small pixel pitch 



can be obtained. 

1.1<f1/fT<2.5 - the focal distance of the (1), however f 1:1st lens group (Gr1), 
and fT: — the focal distance of the whole system in a tele edge (T) — it comes out. 
[0021] If the minimum of conditional expression (1) is exceeded, the power of the 
1st lens group (Gr1) will become strong too much, and it will become difficult to 
remove the spherical aberration especially in a tele edge (T). Moreover, if the 
upper limit of conditional expression (1) is exceeded, the power of the 1st lens 
group (Gr1) will become weak too much, and it will become difficult to secure 
especially the compactability in a tele edge (T). 

[0022] When the 4th lens group (Gr4) moves in the direction of an optical axis 
(AX) in the zoom lens system of the type which contains forward and a negative, 
forward, and negative zoom group in order from a body side like the gestalt of 
each operation, it is desirable for focusing to be performed and to satisfy the 
following conditional expression (2) further. The zoom lens system which 
secured the higher engine performance is realizable with this. Moreover, it is still 
more desirable to satisfy conditional expression (2) with said conditional 
expression (1). 

0.3<|f4/fT|<2 ~ (2), however the focal distance of the f4:4th lens group (Gr4) - it 



comes out. 

[0023] As shown in conditional expression (2), the power of the 4th lens group 
(Gr4) is comparatively weak, therefore lens number of sheets also has few 4th 
lens groups (Gr4). It is optimal that migration (mF) of the direction of an optical 
axis (AX) of the 4th lens group with small lens weight (Gr4) performs focusing 
from this. However, when the system in which focusing in an image sensor (SR) 
is possible can be adopted, even if migration of an image sensor (SR) is made to 
perform focusing, it does not interfere. 

[0024] If the minimum of conditional expression (2) is exceeded, the power of the 
4th lens group (Gr4) will become strong too much, and it will become difficult to 
remove the performance degradation at the time of the contiguity especially in a 
tele edge (T). Moreover, if the upper limit of conditional expression (2) is 
exceeded, the power of the 4th lens group (Gr4) will become weak too much, the 
lens movement magnitude of the 4th lens group at the time of a focus (Gr4) will 
become large too much, and a result by which the compactability of the whole 
camera cone is spoiled will be brought. 

[0025] Moreover, it sets like the gestalt of each operation to zooming from a wide 
angle edge (W) to a tele edge (T). It is desirable for the 1st lens group (Gr1) to 



move, for spacing of the 3rd lens group (Gr3) and the 4th lens group (Gr4) to 
increase from a wide angle edge (W) to a middle focal distance, and for a middle 
focal distance to a tele edge (T) to decrease. The zoom lens system of high 
variable power is realizable with this. Moreover, it is still more desirable to satisfy 
conditional expression (1) and conditional expression (2) in this characteristic 
zoom configuration. 

[0026] The type with which the 1st lens group (Gr1) is being fixed in zooming as 
optical system conventionally used for the video camera or the digital camera 
from the balance of the compactability searched for as the whole product and 
the difficulty of a camera cone configuration was in use. However, since it is in 
the situation that the further party KUTONESU and high variable power are 
called for, from now on, it is desirable to make the 1st lens group (Gr1) movable 
in zooming. Each beam-of-light height which carries out incidence to the 2nd 
lens group (Gr2) in a tele edge (T) can be made small, and it becomes easy to 
perform amendment of many aberration by moving the 1st lens group (Gr1) from 
a wide angle edge (W) to a body side in zooming to a tele edge (T). Moreover, in 
zooming from a wide angle edge (W) to a tele edge (T), when spacing of the 3rd 
and 4th lens group (Gr3, Gr4) considers as the configuration in which a wide 



angle edge (W) to a middle focal distance increases, and a middle focal distance 
to a tele edge (T) decreases, it becomes possible to amend the curvature of field 
in a middle focal distance field good, and the zoom lens system of high variable 
power can be realized as a result. 

[0027] Moreover, like the gestalt of each operation, it is desirable to arrange the 
aspheric surface in the 2nd lens group (Gr2), and the zoom lens system which 
starts in a wide angle more is obtained by establishing the aspheric surface at 
the 2nd lens group (Gr2). If the focal distance of a wide angle edge (W) tends to 
be made smaller and it is going to enlarge a photography field angle, distortion 
amendment in a wide angle edge (W) will become difficult especially. In order to 
remove this fault, it is desirable to arrange the aspheric surface in the 
comparatively high 2nd lens group (Gr2) of the beam-of-light height besides the 
shaft by the side of a wide angle, and it can amend distortion aberration good by 
this. Therefore, it is still more desirable to arrange the aspheric surface in the 
2nd lens group (Gr2), while filling conditional expression (1) and conditional 
expression (2), when obtaining high optical-character ability, holding 
compactability. 

[0028] If it is in the zoom lens system which the 1st lens group (Gr1) moves to 



order in zooming including forward and a negative, forward, and negative zoom 
group from a body side like the gestalt of each operation, it is desirable to satisfy 
the following conditional expression (3). Thereby, the compact zoom lens 
system of high variable power is realizable. And the high engine performance 
which a variable power ratio can use by 7 times to about 10 times, and the f 
number can use about by 2.5 to four also as optical system for the image 
sensors (SR) of the latest small pixel pitch can be obtained. 
0.3 - < - D34 W/D34T<2.5 (3) however air spacing between the 3rd lens 
groups (Gr3) and the 4th lens groups (Gr4) in a D34W:wide angle edge (W), and 
D34T: - air spacing between the 3rd lens groups (Gr3) and the 4th lens groups 
(Gr4) in a tele edge (T) — it comes out. 

[0029] If the minimum of conditional expression (3) is exceeded, air spacing 
between the 3rd lens groups (Gr3) and the 4th lens groups (Gr4) in a tele edge 
(T) will become large too much, and it will become difficult to secure the 
compactability in a tele edge (T). Moreover, if the upper limit of conditional 
expression (3) is exceeded, air spacing between the 3rd lens groups (Gr3) and 
the 4th lens groups (Gr4) in a wide angle edge (W) will become large too much, 
and it will become difficult to secure the compactability in a wide angle edge (W). 



[0030] It is desirable the 1st lens group (Gr1) not only to move, but for the 4th 
lens group (Gr4) to move to a body side in zooming from a wide angle edge (W) 
to a tele edge (T) in zooming, as mentioned above in the zoom lens system 
which contains forward and a negative, forward, and negative zoom group in 
order from the body side like the gestalt of each operation. By this, many 
variable power ratios in the 4th lens group (Gr4) can be earned, and a zoom lens 
system with a higher variable power ratio can be realized. Moreover, when 
balancing compactability, it is still more desirable to make it fill conditional 
expression (3). 

[0031] Moreover, it sets in the zoom lens system which contains forward and a 
negative, forward, and negative zoom group in order [ side / body ] like the 
gestalt of each operation. As mentioned above, it sets to zooming from a wide 
angle edge (W) to a tele edge (T). Although it is desirable for spacing of the 3rd 
lens group (Gr3) and the 4th lens group (Gr4) to increase from a wide angle 
edge (W) to a middle focal distance, and for a middle focal distance to a tele 
edge (T) to decrease, it is still more desirable when it secures compactability that 
it is satisfied with this and coincidence of conditional expression (3). Thus, by 
carrying out zoom migration of the 3rd and 4th lens group (Gr3, Gr4), the 



curvature of field of the undershirt generated especially in a middle focal 
distance field can be amended good, and the zoom lens system which 
maintained the high engine performance can be realized. 

[0032] Moreover, it is desirable for focusing to be performed by migration of the 
4th lens group (Gr4) as mentioned above in the zoom lens system of the type 
which contains forward and a negative, forward, and negative zoom group in 
order from the body side like the gestalt of each operation, and to satisfy the 
following conditional expression (4) further. A zoom lens system with the better 
engine performance is realizable with this. Moreover, it is still more desirable to 
satisfy conditional expression (4) with said conditional expression (3). 
0.5< betaW4<2 -- the lateral magnification of the 4th lens group (Gr4) in a (4), 
however betaW4:wide angle edge (W) — it comes out. 

[0033] As mentioned above, the power of the 4th lens group (Gr4) is 
comparatively weak, therefore lens number of sheets also has few 4th lens 
groups (Gr4). The 4th lens group with lens weight small as a focal group from 
this (Gr4) is the optimal. However, when the system in which focusing using an 
image sensor (SR) is possible can be adopted, even if an image sensor (SR) is 
made to perform focusing, it does not interfere. 



[0034] If the minimum of conditional expression (4) is exceeded, the rate of 
variable power shared with the 4th lens group (Gr4) in a wide angle edge (W) will 
become small, and the need of adding a burden to the 3rd lens group (Gr3) will 
come out. For this reason, removal of many aberration within the 3rd lens group 
(Gr3) becomes difficult as a result. When the upper limit of conditional 
expression (4) is exceeded, the burden of the variable power in the 4th lens 
group (Gr4) becomes large too much, and removal of many aberration within the 
4th lens group (Gr4) becomes difficult, consequently it becomes impossible 
moreover, to realize a compact zoom lens system. 

[0035] If the aspheric surface is arranged in the 2nd lens group (Gr2) as 
mentioned above, the zoom lens system which starts in a wide angle more will 
be obtained. If the focal distance of a wide angle edge (W) tends to be made 
smaller and it is going to enlarge a photography field angle, distortion 
amendment in a wide angle edge (W) will become difficult especially. In order to 
remove this fault, it is desirable to arrange the aspheric surface in the 
comparatively high 2nd lens group (Gr2) of the beam-of-light height besides the 
shaft by the side of a wide angle, and it can amend distortion aberration good by 
this. Therefore, it is still more desirable to arrange the aspheric surface in the 



2nd lens group (Gr2), while filling conditional expression (3) and conditional 
expression (4), when obtaining high optical-character ability, holding 
compactability. 

[0036] In addition, although each lens group which constitutes the gestalt of the 
1st - the 9th operation consists of only refraction mold lenses (that is, lens of the 
type with which a deviation is performed by the interface of the media which 
have a different refractive index) which deflect an incident ray by refraction, it is 
not restricted to this. For example, each lens group may consist of a diffraction 
mold lens which deflects an incident ray by diffraction, a refraction / diffraction 
hybrid mold lens which deflects an incident ray in the combination of a diffraction 
operation and a refraction operation, a gradient index lens which deflects an 
incident ray according to the refractive-index distribution in a medium. 
[0037] Moreover, in the gestalt of each operation, a rear stirrup may bend an 
optical path on the way before a zoom lens system by arranging the field (for 
example, a reflector, a refracting interface, a diffraction side) which does not 
have optical power in an optical path. It is [ that what is necessary is just to set 
up a bending location if needed ] possible to attain thin shape-ization on the 
appearance of a camera by proper bending of an optical path. Moreover, it is 



also possible to make it the configuration from which the thickness of a camera 
changes neither with zooming nor collapsing. For example, if the 1st lens group 
(Gr1) is considered as location immobilization at the time of variable power, a 
mirror is arranged behind the 1st lens group (Gr1) and 90 degrees of optical 
paths are bent in the reflector, since the die length of the cross direction of a 
zoom lens system will become fixed, thin shape-ization of a camera can be 
attained. 

[0038] Furthermore, with the gestalt of each operation, although the example of 
a configuration of the optical low pass filter of the configuration of the 
plane-parallel plate (PL) arrange between the last side of a zoom lens system 
and an image sensor (SR) be showed, as this low pass filter, a birefringence 
mold low pass filter made from Xtal with which the predetermined crystal 
orientation be adjusted, the phase mold low pass filter which attain the property 
of optical cut-off frequency need according to the diffraction effect be applicable. 
[0039] 

[Example] Construction data, an aberration Fig., etc. are mentioned and the 
configuration of the zoom lens system hereafter used for the image pick-up lens 
equipment which carried out this invention etc. is explained still more concretely. 



The examples 1-9 given as an example here are equivalent to the gestalt of the 
1st - the 9th operation mentioned above, respectively, and the lens block 
diagram ( drawing 1 - drawing 9 ) showing the gestalt of the 1st - the 9th 
operation shows the lens configuration of the corresponding examples 1-9, 
respectively. 

[0040] In the construction data of each example, ri (i= 1, 2 and 3, ...) is counted 
from a body side. The radius of curvature of the i-th field (mm), Count di (i= 1, 2 
and 3, ...) from a body side, and the i-th axial top-face spacing (mm) is shown, 
nickel (i= 1, 2 and 3, ...) and nui (i= 1, 2 and 3, ...) are counted from a body side, 
and show the refractive index (Nd) and the Abbe number (nud) to d line of the 
i-th optical element. Moreover, axial top-face spacing which changes in zooming 
is adjustable air spacing in a wide angle edge (a short focus distance edge, W) 
middle (a middle focal distance condition, M) - a tele edge (a long focal distance 
edge, T) among construction data. The focal distance (f, mm) and the f number 
(FNO) of the whole system corresponding to each focal distance condition (W), 
(M), and (T) are combined with other data, and are shown, and the movement 
magnitude (focal data) of the 4th lens group (Gr4) in focusing at the time of 
contiguity (photography distance: D= 0.5m) is shown in Table 1, and the value 



corresponding to conditional expression is shown in Table 2. 
[0041] It shall be shown that the field where * mark was given to radius of 
curvature ri is a field which consisted of the aspheric surfaces, and it shall define 
as the formula (AS) of the following showing the field configuration of the 
aspheric surface. The aspheric surface data of each example are combined with 
other data, and are shown. 

X(H) =(C0, H2)/{1+root (1-epsilon-C 02, H2)} + (A4, H4+A6, H6+A8 and H8+A10, 
H10) (AS) -AS Correct, the variation rate of the direction of an optical axis in the 
inside of a formula (AS), and the location of X(H):height H - an amount (plane 
peak point criteria) and H : an optical axis - receiving - the height of a 
perpendicular direction, and CO : Paraxial curvature (= 1 -/radius of curvature) 
and epsilon : A secondary curved-surface parameter and Ai : the i-th aspheric 
surface multiplier - it comes out. 

[0042] Drawing 10 - drawing 25 are the aberration Figs, of an example 1 - an 
example 9, and the aberration Fig. in the infinite distance photography condition 
of an example 1 - an example 9, drawing 19 - drawing 25 of drawing 10 - 
drawing 18 are the aberration Figs, in examples 1-5 and the contiguity 
photography condition (photography distance: D= 0.5m) of 8 and 9. (W) is 



astigmatism and distortion aberration, such as spherical aberration, among 
drawing 10 - drawing 25 sequentially from the many aberration {left [ in / a wide 
angle edge and (M), and / in (T) / a tele edge ]. [ middle ] Y': Maximum image 
quantity (mm)} is shown. In the spherical-aberration Fig., spherical aberration 
[ as opposed to d line in a continuous line (d) ], spherical aberration [ as opposed 
to g line in an alternate long and short dash line (g) ], and a broken line (SC) 
express sine condition. In the astigmatism Fig., the astigmatism over d line in a 
meridional side is expressed, and, as for the broken line (DM), the continuous 
line (DS) expresses the astigmatism over d line in a sagittal side. Moreover, in 
the distortion aberration Fig., the continuous line expresses distortion % to d line. 
[0043] 

«example 1» 

f= 7.5 to 25.5 to 50.6, and FNO=2.55-2.96-3.60 [Radius of curvature] [Axial 
top-face spacing] [Refractive index] The [Abbe number] r1= 63.832 d1= 1.200 N 
1= 1.74000 nu1= 28.26r2= 46.105 d2= 4.909 N 2= 1.49310 nu2= 83.58r3= 
557.712 d3= 0.100r4= 41.139 d4= 3.518 N 3= 1.49310 nu3= 83.58r5= 95.433 
d5= 1.000-28.553-40.964r6= 28.766 d6= 0.800 N 4= 1.80420 nu4= 46.50r7= 
8.145 d7= 6.254r8= -24.683 d8= 0.800 N 5= 1.80741 nu5= 31.59r9=408.759 



d9= 2.972 N 6= 1.84666 nu6= 23.82r10= -15.616d10= 0.727M 1=-12.222d1 1 = 
0.800 N 7= 1.52510 nu7= 56.38r12*=-72.536 d 1 2=24.622-4.490-1 .000r1 3= 
infinity (ST) d13= 0.800r14= 11.863d14= 2.033 N 8= 1.78831 nu8= 47.32r15= 
212.313 d15= 5.251 M6= -66.079 d16= 1.795 N 9= 1.48749 nu9= 70.44r17= 
-10.997 d17= 0.800 N 10= 1.84666 nu10=23.82M8*= 29.156 d18= 0.100r19= 
12.934 d19= 3.092 N 11= 1.48749 nu1 1=70.44r20*=-19.433 d20= 
0.100r21 =-788.61 9 d21= 4.662 N 12= 1.79850 nu12=22.60r22= -27.115d22= 

I. 000-7.000 - 1.000r23= 23.066 d23= 0.800 N 13= 1.85000 nu13=40.04r24= 

II. 361 d24= 3.500r25= 11.740 d25= 1.826 N 14= 1.79850 nu14=22.60r26= 
14.538 d26= 2.381-2.000 - 13.578r27= infinity d27= 3.000 N 15= 1.51680 
nu15=64.20r28= infinity [0044] 

[Page [ 12th ] (r12) aspheric surface data] epsilon=1.0000, A4=-0.90791x10-4, 
A6=-0.27514x10-6, A8=-0.37035x10-8 [page [ 18th ] (r18) aspheric surface 
data] epsilon=1.0000, and A4= 0.28853x10-3, A6= 0.12716x10-5, A8= 
0.10778x10-7 [page [ 20th ] (r20) aspheric surface data] epsilon=1.0000[0045] 
«example 2» 

f= 7.5 to 25.5 to 50.6, and FNO=2.48-3.07-3.60 [Radius of curvature] [Axial 
top-face spacing] [Refractive index] The [Abbe number] r1= 62.012 d1= 1.200 N 



1= 1.79850 nu1= 22.60r2= 50.059 d2= 3.893 N 2= 1.49310 nu2= 83.58r3= 
264.139 d3= 0.100r4= 57.561 d4= 2.818 N 3= 1.49310 nu3= 83.58r5= 155.066 
d5= 1 .000-30.739-48.448r6= 29.965 d6= 0.800 N 4= 1.75450 nu4= 51.57r7= 
9.032 d7= 7.570r8= -52.559 d8= 0.800 N 5= 1.75450 nu5= 51.57r9=21.530 d9= 
4.134 N 6= 1.79850 nu6= 22.60r10= -18.800d10= 0.486M 1=-15.910 d11= 0.800 
N 7= 1.84666 nu7= 23.82r12*=-1 07.564 d1 2=25.51 3-4.405-1 .000M 3= infinity 
(ST) d13= 0.800r14= 13.086 d14= 1.832 N 8= 1.80750 nu8= 35.43r15= 84.611 
d15= 3.644r16= 15.627 d16= 2.756 N 9= 1.75450 nu9= 51.57r17= -12.357 d17= 
0.800 N 10= 1.84666 nu10=23.82M 8= 9.111 d18= 0.100r19=7.143 d19=1 .343 N 
11= 1.52510 nu11=56.38r20*= 13.828 d20= 2.1 18r21= 31.671 d21= 1.530N 12= 
1.79850 nu12=22.60r22= -35.431 d22= 1.000-5.669 - 4.095r23= 26.961 d23= 
0.800 N 13= 1.85000 nu13=40.04r24= 9.331 d24= 2.307r25= 11.028 d25= 
1.289 N 14= 1.79850 nu14=22.60r26= 14.503 d26= 
2. 123-2.989-8.644r27=-1 30.604 d27= 1.347 N 15= 1.79850 nu15=22.60r28= 
-33.480d28= 0.858r29=infinity d29= 3.000 N 16= 1.51680 nu16=64.20r30= 
infinity [0046] 

[page [ 12th ] (r12) aspheric surface data] - epsilon= 1.0000 and 
A4=-0.44023x10 -4 and A6=-0.52908x10 -7, A8=-0.21921x10-8 [page [ 20th ] 



(r20) aspheric surface data] epsilon=1.0000, and A4= - 0.52117x10-3 and A - 
6= 0.41505x10-5 and A - 8= 0.98968x10-7 [0047] 
«example 3» 

f= 7.4 to 23.0 to 49.5, and FNO=2.22-2.64-3.60 [Radius of curvature] [Axial 
top-face spacing] [Refractive index] The [Abbe number] r1= 63.356 d1= 1.200 N 
1= 1.79850 nu1= 22.60r2= 49.435 d2= 4.655 N 2= 1.49310 nu2= 83.58r3= 
579.022 d3= 0.100r4= 35.101 d4= 4.695 N 3= 1.49310 nu3= 83.58r5= 120.463 
d5= 1.000-20.900-28.705r6= 70.488 d6= 0.800 N 4= 1.78831 nu4= 47.32r7= 
8.526 d7= 5.198r8= -90.436 d8= 0.800 N 5= 1.75450 nu5= 51 .57r9=-785.404 
d9= 2.674 N 6= 1.84666 nu6= 23.82r10= -17.628d10= 0.51 5r11 =-14.870 d11 = 
0.800 N 7= 1.48749 nu7= 70.44r12= 45.809 d12= 1.366r13= -26.330 d13= 
1.344 N8= 1.84666nu8= 23.82r14*=-30.31 1 d14=23.01 8-5.870-1 .000r15= 
infinity (ST) d15= 0.800r16= 11.633 d16= 2.165 N 9= 1.80420 nu9= 46.50r17= 
78.024 d17= 4.756r18=-96.322 d18= 1.561 N 10= 1.75450 nu10=51 .57r19= 
-14.086 d19= 0.800 N 11= 1.84666 nu11=23.82r20*= 20.484 d20= 
0.155r21 =10.937 d21= 2.506 N 12= 1.48749 nu12=70.44r22*=-29.274 d22= 
2.186r23= 90.101 d23= 1.374 N 13= 1.79850 nu13=22.60r24= -61.263 d24= 
1.000-4.206 - 1.000r25= 29.977 d25= 0.800 N 14= 1.85000 nu14=40.04r26= 



10.683 d26= 3.356r27= 11.252 d27= 1.235 N 15= 1.79850 nu15=22.60r28= 
13.786 d28= 1.399-3.217 - 16.734r29= 22.159 d29= 1.546 N 16= 1.79850 
nu16=22.60r30= 89.583 d30= 1 .176r31 infinity d31= 3.000 N 17= 1.51680 
nu17=64.20r32= infinity [0048] 

[Page [ 14th ] (r14) aspheric surface data] epsilon=1.0000, A4=-0.55658x10-4, 
A6=-0. 18456x1 0-6, A8=-0.60664x10-8 [page [ 20th ] (r20) aspheric surface 
data] epsilon=1.0000, and A4= 0.28248x10-3, A6= 0.17454x10-5, A8= 
0.32532x10-7 [page [ 22nd ] (r22) aspheric surface data] epsilon=1.0000[0049] 
«example 4» 

f= 7.4 to 35.9 to 49.6, and FNO=2.88-3.04-3.63 [Radius of curvature] [Axial 
top-face spacing] [Refractive index] The [Abbe number] r1= 60.590 d1= 1.200 N 
1= 1.84666 nu1= 23.82r2= 47.616 d2= 5.549 N 2= 1.49310 nu2= 83.58r3= 
603.843 d3= 0.100r4= 39.319 d4= 4.325 N 3= 1.49310 nu3= 83.58r5= 105.185 
d5= 1.000-32.1 86-36. 134r6= 50.395 d6= 0.800 N 4= 1.85000 nu4= 40.04r7= 
8.808 d7= 5.350r8= -22.935 d8= 0.800 N 5= 1.85000 nu5= 40.04r9=1 6.429 d9= 
5.107 N 6= 1.71736 nu6= 29.50r10= -17.500d10= 0.100r11*= 54.395 d11 = 
2.000 N 7= 1.84506 nu7=23.66M2= 1000.000 d12= 1.278r13=-1 9.690 d13= 
0.800 N8= 1.75450nu8= 51.57r14= -77.927 d14=22.063-1.444-1.300M5= 



infinity (ST) d15= 0.800r16= 12.783 d16= 2.898 N 9= 1.85000 nu9= 40.04r17= 
105.738 d17= 3.453r18*=37.506 d18= 2.226 N 10= 1.84506 nu10=23.66r19= 
9.939 d19= 1.104r20=12.962 d20= 4.135 N 11= 1.69680 nu11=55.43r21 = 
-8.915 d21= 0.800 N 12= 1.84666 nu12=23.82r22=26007.802 d22= 
1.396r23=186.617 d23= 2.183 N 13= 1.83350 nu13=21.00r24= -21.147 d24= 
1.81 0-6.450-1 .000r25= 38.703 d25= 0.800 N 14= 1.85000 nu14=40.04r26= 
13.436 d26= 4.085r27= 14.114 d27= 1.362 N 15= 1.83350 nu15=21.00r28= 
18.526 d28= 1.000-5.337 - 17.559r29= 16.513 d29= 1.967 N 16= 1.48749 
nu16=70.44r30= 44.597d30= 1.479r31= infinity d31= 3.000 
N17=1.51680nu17=64.20r32= infinity [0050] 

[page [ 11th ] (r11) aspheric surface data] - epsilon= 1.0000 and A4= 
0.40063x10 -4 and A6= 0.39528x10 -6, A8=-0. 29922x1 0-8 [page [ 18th ] (r18) 
aspheric surface data] epsilon=1.0000, and A4= -0.11545x10-3 and A6= 
-0.96168x10-6 and A - 8= 0.16989x10-7 [0051] 
«example 5» 

f= 8.9 to 33.7 to 84.8, and FNO=2.43-3. 17-3.60 [Radius of curvature] [Axial 
top-face spacing] [Refractive index] The [Abbe number] r1= 171.427 d1= 1.497 
N 1= 1.84666 nu1= 23.82r2= 114.665 d2= 6.918 N 2= 1.49310 nu2= 83.58r3= 



-850.123 d3= 0.100r4= 96.816 d4= 4.523 N 3= 1.49310 nu3= 83.58r5= 348.049 
d5= 2.486-40.898-95.61 4r6*= 24.483 d6= 2.000 N 4= 1.75450 nu4= 51.57r7= 
12.754 d7= 11.729r8= -33.584 d8= 0.800 N 5= 1.52208 nu5= 65.92r9=21 .063 
d9= 4.926 N 6= 1.84705 nu6= 25.00r10= -81.045d10= 0.838M 1=-40.184 d11 = 
0.800 N 7= 1.74495 nu7= 24.47r12= 99.136 d12=41. 883-2.565-1 .250r1 3= 
infinity (ST) d13= 1.500r14= 12.436 d14= 3.485 N 8= 1.75450 nu8= 
51. 57r15=-1 72.448 d15= 1.166r16= 375.028 d16= 0.800 N 9= 1.71675 nu9= 
26.91r17= 30.185 d17= 1.000-1.169 - 1.244r18*= 16.888 d18= 1.922 N 10= 
1.84666 nu10=23.82r19= 11.475d19= 1.988-11.017 - 23.820r20*= 25.613 d20= 
0.800 N 11= 1.75000 nu1 1=25.14r21= 14.963 d21= 0.077r22= 15.312 d22= 
1.202 N 12= 1.75450 nu 12=51 .57r23= 16.980 d23= 0.356r24= 16.249 d24= 
6.391 N 13= 1.49310 nu13=83.58r25= -22.015 d25= 1.962r26= -13.823 d26= 
3.437 N14=1.84666nu14=23.82r27=-14.151 d27= 2.000-12.427 - 6.704r28*= 
20.728 d28= 2.834 N 15= 1.52510 nu15=56.38r29= 15.822 d29= 1.307r30= 
infinity d30= 3.000 N 16= 1.51680 nu16=64.20r31= infinity [0052] 
[Page [ 6th ] (r6) aspheric surface data] epsilon=1.0000 and A4= 0.66358x10-5, 
A6= 0.71481x10-9, A8= 0.49766x10-10 [page [ 18th ] (r18) aspheric surface 
data] epsilon=1.0000, A4=-0. 1021 8x1 0-3, A6=-0. 12797x1 0-5, and A8= 



0.10173x10-7, A1 0—0.34395x10-9 [page [ 20th ] (r20) aspheric surface data] 
epsilon=1.0000, A4=-0. 34705x1 0-4, A6= 0.10595x10-6, A8=-0.43764x10-8, and 
A10= 0.17721x10-10 [page [ 28th ] (r28) aspheric surface data] epsilon=1.0000, 
A4=-0.59570x10-5, A6=-0.55853x10-6, A8= 0.11878x10-7, 

A10=-0.14101x10-9[0053] 
«example 6» 

f= 7.1 to 53.0 to 68.6, and FNO=2.55-3.60-3.60 [Radius of curvature] [Axial 
top-face spacing] [Refractive index] The [Abbe number] r1= 81.309 d1= 1.400 N 
1= 1.84666 nu1= 23.86r2= 63.920 d2= 4.957 N 2= 1.49310 nu2= 
83.58r3=-2566.999 d3= 0.100r4= 72.424 d4= 2.914 N 3= 1.49310 nu3= 
83.58r5= 204.372 d5= 0.900-54.21 8-57.909r6*=-21 87.849 d6= 1.200 N 4= 
1.77250 nu4= 49.77r7*= 14.815 d7= 8.614r8= -22.207 d8= 1.500 N 5= 1.84668 
nu5= 23.86r9=-39.485 d9= 0.100r10= 528.712 d10= 4.283N 6= 1.84666 nu6= 
23.82r11= -27.851 d11= 1.412r12= -19.591 d12= 1.000 N 7= 1.49310 nu7= 
83.58r13= -80.805 d13=40.1 1 1-0.619-0.100r14= infinity (ST) d14= 1.200r15*= 
20.034 d15= 3.327 N 8= 1.77112 nu8= 48.87r16= 2658.231 d16= 
0.100M 7=24.453 d17= 1.028 N 9= 1.61287 nu9= 33.36r18*= 9.473 d18= 
0.432r19= 12.678 d19= 2.612 N 10= 1.75450 nu10=51 .57r20=-167.012 d20= 



0.537-1.270 - 1.348r21= -32.395 d21= 6.981 N 11= 1.64379 null =56.31 r22= 
-11.929 d22= 0.100r23*=-13.515 d23= 1.708N 12= 1.63456 nu12=31.17r24*= 
24.372 d24= 0.263-19.944 - 27.790r25= 19.740 d25= 4.770 N 13= 1.79850 
nu13=22.60r26= 13.053 d26= 0.100r27= 13.309 d27= 5.694 N 14= 1.68636 
nu14=54.20r28=-129.207 d28= 4.148-5.575 - 2.763r29= infinity d29= 3.000 N 
15= 1.51680 nu15=64.20r32= infinity [0054] 

[Page [ 6th ] (r6) aspheric surface data] epsilon=1.0000 and A4= 0.29074x10-4, 
A6=-0.89940x10-7, A8= 0.16625x10-9 [page [ 7th ] (r7) aspheric surface data] 
epsilon=1.0000, A4= 0.44003x10-5, A6= 0.99743x10-8, the 
A8=-0.48301x10-9[15th page Aspheric surface data]epsilon=1.0000 of (M5), 
A4=-0.1 1178x10-3, A6= 0.10605x10-5, A8=-0.21 375x1 0-7, A10= 0.22240x10-9 
[page [ 18th ] (r18) aspheric surface data] epsilon= 1.0000, A4=-0.24094x10-3 
and A6= 0.11663x10-5, A8=-0.57504x1 0-7, A10= 0.66415x10-9 [page [ 23rd ] 
(r23) aspheric surface data] epsilon=1.0000, A4= 0.12224x10-3, 
A6=-0.66295x10-5, A8=0.74249x10-7 [page [ 24th ] (r24) aspheric surface data] 
epsilon=1.0000, A4= 0.29363x10-3, A6=-0.57030x10-5, A8= 
0.801 85x1 0-7[0055] 
«example 7» 



f= 7.1 to 20.0 to 49.0, and FNO2.50-3.03-3.66 [Radius of curvature] [Axial 
top-face spacing] [Refractive index] The [Abbe number] r1= 111.111 d1= 1.400 
N 1= 1.79850 nu1= 22.60r2= 85.390 d2= 4.303 N 2= 1.49310 nu2= 
83.58r3=-1831.972 d3= 0.100r4= 43.431 d4= 4.988 N 3= 1.49310 nu3= 
83.58r5= 130.083 d5= 0.900-24.171-43.681r6= 35.035 d6= 1.200 N 4= 1.75450 
nu4= 51.57r7= 10.040 d7= 4.791 r8= -96.605 d8= 1.100 N 5= 1.75450 nu5= 
51.57r9=15.175 d9= 1.925r10*= 25.398 d10= 3.981 N 6= 1.84666 nu6= 
23.82r11*=-43.373 d11= 1.258r12= -15.932 d12= 1.000 N 7= 1.48749 nu7= 
70.44r13=-1 34.899 d1 3=20.871 -5.426-0.600r1 4= infinity (ST) d14= 0.600r15= 
11.251 d15= 2.129 N 8= 1.75450 nu8= 51.57r16= 422.558 d16= 
4.585r17*=-39.509 d17= 1.500 N 9= 1.70395 nu9= 26.41r18*= 12.891 d18= 
0.596r19=12.874 d19= 2.614 N 10= 1.48749 nu10=70.44r20= -14.240 d20= 
1. 806-1 .837-3.682r21 =-81 57.937 d21= 0.800 N 11= 1.71649 nu1 1=25.74r22= 
13.228 d22= 0.445r23= 13.631 d23= 1.919N 12= 1.48749 nu12=70.44r24= 
668.856 d24= 3.002-1.300 - 12.240r25= 31.322 d25= 1.691 N 13= 1.79850 
nu13=22.60r26= 217.261 d26= 0.500-9.743 - 7.994r27= 18.461 d27= 4.643 N 
14= 1.79850 nu14=22.60r28= -11.955 d28= 0.460 N 15= 1.83724 
nu1 5=30.1 7r26= 21.532 d29= 0.900r30= infinity d27= 3.000 N 16= 1.51680 



nu16=64.20r31= infinity [0056] 

The [10th side Aspheric surface data]epsilon=1.0000 of (r10), and A4= 
0.34767x10-4 and A6= 0.63939x10-7, A8=-0. 15659x1 0-8 [page [ 11th ] (r11) 
aspheric surface data] epsilon=1.0000, and A4= -0.11239x10-4 and A6= 
-0.50907x10-7 -- the A8=-0.20881x10-8[17th page Aspheric surface 
data]epsilon=1.0000 of (r17), A4=-0.531 64x1 0-3, A6= 0.11706x10-4, 
A8=-0. 13639x1 0-6 [page [ 18th ] (r18) aspheric surface data] epsilon=1.0000, 
A4=-0.23930x10-3, and A6= 0.14046x10-4, A8=-0. 1 5638x1 0-6[0057] 
«example 8» 

f= 7.5 to 45.0 to 71.5, and FNO=2. 17-2.89-3.60 [Radius of curvature] [Axial 
top-face spacing] [Refractive index] The [Abbe number] r1= 65.664 d1= 1.200 N 
1= 1.75518 nu1= 29.92r2= 47.591 d2= 5.244 N 2= 1.49310 nu2= 83.58r3= 
217.318 d3= 0.100r4= 51.066 d4= 4.398 N 3= 1.49310 nu3= 83.58r5= 185.539 
d5= 1. 000-45.300-49.091 r6= 45.239 d6= 0.800 N 4= 1.75450 nu4= 51.57r7= 
10.516 d7= 7.570r8= -40.143 d8= 0.800 N 5= 1.80223 nu5= 44.75r9=23.630 
d9= 5.046 N 6= 1.79123 nu6= 22.82r10= -18.887d10= 0.656r1 1 =-15.690 d11 = 
0.800 N 7= 1.84666 nu7= 23.82r12*=-43.100 d1 2=35.757-5.453-1. 000M 3= 
infinity (ST) d13= 0.800r14= 13.866 d14= 2.194 N 8= 1.78923 nu8= 46.34r15= 



74.387 d15= 5.348r16= 13.726 d16= 3.113 N 9= 1.73284 nu9= 52.33r17= 
-13.373 d17= 0.800 N 10= 1.84758 nu1 0=26.81 r18= 8.964 d18= 
0.1 00M 9=7.206 d19=1.439 N 11= 1.52510 nu1 1=56.38r20*= 14.351 d20= 
2.601 r21= 21.969 d21= 1.379N 12= 1.79850 nu12=22.60r22=-1 723.989 d22= 
1.000-3.838 - 2.749r23= 342.635 d23= 0.800 N 13= 1.66384 nu13=35.98r24= 
8.966 d24= 3.000r25= 24.255 d25= 1.566 N 14= 1.79850 nu14=22.60r26*= 
120.635 d26= 1.000-5.947 - 14.698r27= 25.459 d27= 1.667 N 15= 1.79850 
nu15=22.60r28= 884.189d28= 1.019r29=infinity d29= 3.000 N 16= 1.51680 
nu16=64.20r30= infinity [0058] 

[Page [ 12th ] (M2) aspheric surface data] epsilon=1.0000, A4=-0.28880x10-4, 
A6=-0.39221x10-7, A8=-0.58769x10-9 [page [ 20th ] (r20) aspheric surface 
data] epsilon=1.0000, and A4= 0.44180x10-3 and A6= 0.35794x10-5, A8= 
0.93325x10-7 [page [ 26th ] (r26) aspheric surface data] epsilon=1.0000, 
A4=-0.73523x10-4, A6=-0. 60792x1 0-6, A8=-0.59550x10-8[0059] 
«example 9» 

f= 7.5 to 54.0 to 86.0, and FNO=2. 10-2.84-3.60 [Radius of curvature] [Axial 
top-face spacing] [Refractive index] The [Abbe number] r1= 90.273 d1= 1.200 N 
1= 1.83304 nu1= 41.53r2= 50.609 d2= 6.584 N 2= 1.49310 nu2= 83.58r3= 



491.903 d3= 0.100r4= 50.212 d4= 5.970 N 3= 1.49310 nu3= 83.58r5= 293.841 
d5= 1. 000-56.31 9-60.499r6= 53.739 d6= 0.800 N 4= 1.75450 nu4= 51.57r7= 
11.112 d7= 7.570r8= -105.475 d8= 0.800 N 5= 1.76442 nu5= 49.91 r9= 16.958 
d9= 6.473 N 6= 1.77039 nu6= 23.51 M0= -22.262d10= 0.563M 1 =-19.229 d11 = 
0.800 N 7= 1.84666 nu7= 23.82r12*=-140.106 d1 2=34.1 66-4.250-1 .000r1 3= 
infinity (ST) d13= 0.800r14= 14.098 d14= 2.180 N 8= 1.83255 nu8= 41.58r15= 
75.309 d15= 4.215r16= 13.256 d16= 3.141 N 9= 1.71070 nu9= 53.17r17= 
-15.268 d17= 0.800 N 10= 1.80992 nu10=25.83M8= 7.879 d18= 
0.274M 9=7.000 d1 9=1. 461 N 11= 1.52510 nu1 1=56.38r20*= 13.820 d20= 
3.133r21= 21.375 d21= 1.301N 12= 1.79850 nu12=22.60r22= 2254.283 d22= 
1.000-3.61 3-1. 086r23= 2109.616 d23= 0.800 N 13= 1.64794 nu13=36.75r24= 
9.838 d24= 2.907r25= 21.069 d25= 1.316 N 14= 1.79850 nu14=22.60r26*= 
59.731 d26= 1.000-6.745 - 18.339r27= 21.610 d27= 1.710 N 15= 1.84666 
nu15=23.82r28= 97.51 5d28= 1 .154r29=infinity d31= 3.000 N 16= 1.51680 
nu16=64.20r30= infinity [0060] 

[Page [ 12th ] (r12) aspheric surface data] epsilon=1.0000, A4=-0.26006x10-4, 
A6=-0. 12948x1 0-7, A8=-0.69799x10-9 [page [ 20th ] (r20) aspheric surface 
data] epsilon=1.0000, and A4= 0.39398x10-3, A6= 0.33896x10-5, A8= 



0.11071x10-6 [page [ 26th ] (r26) aspheric surface data] epsilon= 1.0000, 
A4=-0.531 34x1 0-4, A6=-0.59377x10-6, and A8= 0.30506x10-8 [0061] 
Fable 1] 



[0062] 



[Table 2] 



[0063] 

[Effect of the Invention] The image pick-up lens equipment which has the high 
variable-power zoom lens system which could realize the type which has the 
performance which exceeds forward, negative, forward, and a forward type by 
compactability according to this invention, had the high engine performance 
which a variable-power ratio can use by 7 times to about 10 times, and the f 
number can use also as optical system for the image sensors of the latest small 
pixel pitch about by 2.5 to four especially as explained above, and was excellent 
in compactability is realizable. And if this invention is applied to a digital camera; 
video camera; digital video unit, a personal computer, a mobile computer, a 
cellular phone, an information personal digital assistant (PDA), etc. at built-in or 



the camera by which external is carried out, it can be contributed to 
miniaturization of these devices, a raise in variable power, and high 
performance-ization. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[Drawing 1] The lens block diagram 
operation. 

[Drawing 2] The lens block diagram 
operation. 

[Drawing 3] The lens block diagram 
operation. 

[Drawing 4] The lens block diagram 
operation. 

[Drawing 5] The lens block diagram 
operation. 

[Drawing 6] The lens block diagram 
operation. 

[Drawing 7] The lens block diagram 
operation. 

[Drawing 8] The lens block diagram 
operation. 

[Drawing 9] The lens block diagram 



of the gestalt (example 1) of the 1st 



of the gestalt (example 2) of the 2nd 



of the gestalt (example 3) of the 3rd 



of the gestalt (example 4) of the 4th 



of the gestalt (example 5) of the 5th 



of the gestalt (example 6) of the 6th 



of the gestalt (example 7) of the 7th 



of the gestalt (example 8) of the 8th 



of the gestalt (example 9) of the 9th 



operation. 

[Drawing 10] The aberration Fig. in the infinite distance photography condition of 
an example 1. 

[Drawing 11] The aberration Fig. in the infinite distance photography condition of 
an example 2. 

[Drawing 12] The aberration Fig. in the infinite distance photography condition of 
an example 3. 

[Drawing 13] The aberration Fig. in the infinite distance photography condition of 
an example 4. 

[Drawing 14] The aberration Fig. in the infinite distance photography condition of 
an example 5. 

[Drawing 15] The aberration Fig. in the infinite distance photography condition of 
an example 6. 

[Drawing 16] The aberration Fig. in the infinite distance photography condition of 
an example 7. 

[Drawing 17] The aberration Fig. in the infinite distance photography condition of 
an example 8. 

[Drawing 18] The aberration Fig. in the infinite distance photography condition of 



an example 9. 

[Drawing 19] The aberration Fig. in the contiguity photography condition (D= 
0.5m) of an example 1 . 

[Drawing 20] The aberration Fig. in the contiguity photography condition (D= 
0.5m) of an example 2. 

[Drawing 21] The aberration Fig. in the contiguity photography condition (D= 
0.5m) of an example 3. 

[Drawing 22] The aberration Fig. in the contiguity photography condition (D= 
0.5m) of an example 4. 

[Drawing 23] The aberration Fig. in the contiguity photography condition (D= 
0.5m) of an example 5. 

[Drawing 24] The aberration Fig. in the contiguity photography condition (D= 
0.5m) of an example 8. 

[Drawing 25] The aberration Fig. in the contiguity photography condition (D= 
0.5m) of an example 9. 

[Drawing 26] The mimetic diagram showing the outline optical configuration of 
the image pick-up lens equipment concerning this invention. 
[Description of Notations] 



TL - Taking-lens system (zoom lens system) 

SR - Image sensor 

Gr1 - The 1st lens group 

Gr2 The 2nd lens group 

Gr3 - The 3rd lens group 

Gr4 — The 4th lens group 

Gr5 - The 5th lens group 

Gr6 - The 6th lens group 

PL - Glass plate (plane-parallel plate) 

ST - Diaphragm 

AX - Optical axis 
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• IE • IE, (IE • ft • IE • ft) • IE • ft, (IE • ft • IE • 
ft) • ft • IE, (IE • ft • IE • ft) • ft • ft©6P*-i 7 

[0 0 2 0] &mffi(DBWi<D& o \z$hVM& 0 MtiE • 
ft • IE • ft©X-AP^#ty^-r7©X-Al^yXStc 
43V>T«\ UT©^S(l)^i^S-ri.ck3b , !gtb 
V\ otttc^D, ny/^ hTPS^©X-AU7X^ 
^^■TSCk^T-tS. L^t. SfgJtJb^fg-lOfg 
SJS, F-f>/<-tf2.5~4g£T\ S^©/J^^*ii^ 
If y f-O WMf? (SR) ffl ©**3fi i b T {KfflT * * W 

l.Kfl/fT<2.5 -(I) 

fl : » 1 UyXP(Grl)©^£§^ 
fT : SBSW(DT©£3R©JKuSUer!, 

[0 0 2 1 ] *^S(l)©Tlfi*ja*Sk, 1 b>X 
P(Grl)©/ W-^?S< * 0 f ^T, WPtSBSWICDK* 



(5) 

7 

jS.(i)<D±.m*mz-z>t, mi b>X8KGri)©^7-# 
[0022] &nm<DBm<D& o izvnmiz. k> mhoe • 

ft • iE • t©X-Ag^i?^7©X-Ai^Xl^c 

$5V^Ti^, »4 U>XS(Gr4)tf^CW£flfc»Irr 
SCfcfC<toT7* - * iWrfctU £ 6 1 J-^T© 

*K(2)*i)lfit5:i:«l*U\ ctifccfcoT, 
±Di«vM£li*tt{SbfeX-AbyXJS*garscfc 10 

0.3< | f4/fT | <2 •••(2) 

f4 : Si 4 U:/X8f(Gr4) ©iUSE*, 

[0 0 2 3] *ffSG)TjS«nSJ:5te»4 b>XP 
(Gr4)©^7-ttJt«Wa < > LfttfoTU>Xft»t 
S4b^XlKGr4)#St>4>ftV\ C<DCtfr<Z>, Vy 
Xfifi©/hSV»£4 U>'XW(Gr4)©7 l effi(AX)^[p]CDi^ 20 
®j(mF) til «fc o T 7 * - A -> V 5 ©#«»"?* 3 0 
fc f£ L , »« jg? (SR) fc *tt S 7 * - * ^"tf njFfgft 

s/^f-A*»fflTt * t if {i*?(SR)©Mc 

[0 0 2 4] &ffS(2)©TE£S;t5i:, %41>>X 
S(Gr4)©/V7-#3KftDf*fT, ftteffiSHBCDte* 

fc, *ttS(2)©±H*»*5i:, ^4l/^XaP(Gr4)© 
/<7-*^<&0-rffT. 7*-#7sH#©^4 byXSP 
(Gr4)©U>X^«l**^t<ftt) , r^TLSl\ 'SKIP 30 

[0 0 2 5] $fc*HJSOJg|80J:5te, J£^(W)fr 

^mm^m^\<DX-5.y^ias^x, mi uyxmor 
sct^ts, c©^aw&x-A«j«tcfev> 

«/\ 40 
[0 0 2 6] $3lUDlf7****7^TS>*;l/a*7fc: 

nsa^^ Mtk«ip«i«©iiggfc©^7>x^ 
T^**-r7*tf±«n?&ofc 0 b^bft*^, cn^& 

Ztzib* mi UyXfP(Grl)^X-5y^C*5V^TRl®) 
tc-r§©^MS bi^o !Eft*B(I)fr6SiS*B(T)'\©X- 

fcfc<fc»), aa«S(T)fCfe^T»2UyXSP(Gr2)tcAI* 50 



2001-350093 

8 

^ff^r<ft«o j£ft«s(w)*^s5a«fi(T)'\© 

X-5y^fc^T, m3, ^4PyXSf(Gr3,Gr4)© 

mmtffcfimmfr wmtiMmttttm*. b*« 

[0 0 2 7] mzuyXft 
(Gr2)(ft#«i5*E« , rSC4:« < aSb<, ^21/^ 
XSKGr2) fc^«iB*»tJ S C i: fc «fc o T\ <fc ») l£ft T* 
$6SSX-Ab>X^*M#5>n5o fcft*S(l)0fcj£e 
**J:?)/h2< br«»fflft«**< LJ:5fc-r*fc» 
#Kj£fcffi(I)T?©SftffiIEtfBJKK:ft3o C©^M3- 
£&<9l£< fctt, j£fc«lT'©Mtt©^»2©itifcWSf 
^3§2b>X8KGr2)£#lSffi£EH*3«:i:tfa3:b 

>/^htt*«*lbatf5SV^ttfl6«»*±-P5!fc 
M$bt,\, 

[0 0 2 8] &nfa<DBM(D& o fcfttttt J: t) IHtclE • 
a • IE • ft©X-A»*fr#, X-S^fcfcl^TSBl 
U >XS¥ (Gr 1 ) tfgfft"*- 5 X- A 1/ > Xl^fC 35 o T li, 
WT©*fl : S(3)*SIS-rSi:i:^a*bv\ cntcj: 
3>^^hT*SSflS©X-i»b>X^*^S1"SC 

b^t, aftjt^7«~i(M»a«, F^-y 

/S-#2. 5~4ggT\ S$fciS©/.h;£ ft®* if >y ^©Jlfi 
jR?(SR)ffl©Jtt^»fcbTfeffifflT**Ki>ttftg*ff* 

0.3<D34. /Dw <2.5 -(3) 
fcfcU 

Daw : j£fttt(l)fcfctt«IB3 l/>X»(Gr3)i:84 U> 

x®(.Gr4)t<D?$<D&nmm. 

Dmt : Mjg4S(T)fc:*JW-SS3 U^XP(Gr3)£ff4 Uy 
XSP(Gr4)t©K©SStKH, 

[0 0 2 9] *ft^(3)©TI®%S*Si:, M3affi(T)(C 
fettS£3 b>X8KGr3)fc®4 U>XP(Gr4) t©BB© 

htt^5t«-r5©A ,{ Biitft§o ^ft^(3)©± 

fc % JCfti»(I)fc*tJ*a 3 l/yXSP (Cr3) 
S 4 PyX8KGr4) fc©H©aftlBH^** < ft K> t € 

ft^o 

[0030] &m&<D&m>& o teVawmz omice • 

ft • IE • M.(T)X-Lffi%%$sX-L)/yXmci5^T 

it, m'&Lrc&d icx-^yyias^xm i u^xspcg 

rl)^ij-r§f£ttTft<, EftJBCDjSpSajWHff)^ 
©X-5V^(C43V>T> ^4 UyX»(Cr4)j6i«1W*fll'\ 



(6) 

9 

(Gr4)tefc*tSg«I£*£< *HK*C <t 9*5 

So Sfc3^^H4i;<D/^yx^i:^±T ; \ ^ftS 
(3)£85fc-r «fc d fTSOtf Jlfcjff * U\ 
[0 0 3 1] §SISigO^<OJ:dfc^fiiJ«feD)(S 
fcJE • ft • IE • ftoX-A»*#crX-i»uy^Rfc* 
i^Tfi, tlMLfciSfcJEftttCWfr&S^CTV^OX 
-5^yt^>T, SB3l^X8(Gr3)i:S4 }s>XW 
(Gr4) k OMIitf £ft WODfr 5> •fRIMUiCEliS T-tiif* 10 

t«f imjfciuiii^ zmmm) $ -e«i£'>Ts c k tm 
iu* i:nfcrai»fc*fta(3)*i«jE , r*cfc3y3 

3, ^4 b>XS¥(Gr3,Gr4)£X-A&l!i;*-ese: tic 

tcX-l±l'yX?kikim?Z>Z- ktfT'tSo 
[0 0 3 2] 3; /"c#*fifiOJgHO J: 5 fc«rf*«l<fc 5 life 
IE • ft • IE • %.<OX-Lmik%t3*>('7<DX-L\sVX 
mciS^XlZ. bUjS Lfcfc-pfC 7* — * fyftffi 4 W 20 
>Xt¥(Gr4) <D&®JtC «fc o Tff^n, $ 5) K WTO*ft 
S(4)%»l£-r«ck^li*U\ cttfc«fcoT\ cfcD 
&ff&1^££ofcX-Ab>X££#|3iirs C ktfT* 

CktfMfcMf:U>„ 
O.5<0« <2 •••(4) 

/?« : £ftMKl)fc*tfSffi4 H/XS(Gr4)©*Hg«* 
TiSSo 

[0 0 3 3] W5SLfe«fedt»4 byXSKGr4)<D/*7 30 
-litt$mm < > LWoT U>Xft»t>lB 4 u^xw 
(Cr4)tflit>*J*&:V\, COCfcfrS, 7*-AX$kL 

Tt,z.\syxmm<D'hz^m 4 ^yx» (GrtWsaT'fe 
So fc£U SMMff(SR)*fflv^7*-*s/y^38«isi 

* - # :X y £ f 7 5 <fc 9 f£ L T M L £ x & t, \, 
[0034] *ffa(4)oTIB*aA*4:, J£fc«B(l)fc: 
fel^T^ 4 U>XS(Gr4)te#SSft*8ffl*flVI>S < 

ftfi^®3 uyxmGrvicma-rztmtfmx 

<S„ B%tLX%$3l'yXm(Qr3)fiT°<D 40 

K«*0»StfB»fc!S:*o *^(4)<D±P1^ 
Sx.Sk, »4 U>X8f(Gr4)KfetJSSffiOfta*^ 
f <%0f^T, »4l/yX»(Gr4)rt"PO»lRSO|» 

[0 0 3 5] WJfibfcJ:5fc» ^2 b>XSf(Gr2)if{C 
*«B*EflM-titf ± 0fcMT°!)k$i%X-l±uyX%tf 



^200 1 - 3 5 009 3 
10 

T'0*ltt0ftlSS;£0lt«WSt/^ 2 UVXSf (Gr2)fc 

^ftiJXMfcffilE-fSilktfT'fSo LfctfoT, 
(3)Jf>*ffa(4)ft»fcf i: fcfcS 2 l/>X»(Gr2)it» 
tc^^ffi^rEBTSC k*\ Ht*«»L*^ 

[0 0 3 6] fcfc, % 1 -»9©StE»OJBI6««|«LT 
^ S «■ U > XffiMi. XWJtt»*B8f fc =fc 9 flfo £ S /S 

nmTMfatMj bns x<o u>x)©*T*«j«?n 
fi*^t>*-eA«)ieii«fflifi[i«-&*JBiff • @#wxy 

fo«#*JBtf*#*Sl';'X«ST* #U>X»*«*t 
TtJ;Vo 

[0 0 3 7] $fc£*W«WBttfc;|3^T* )t*Wft^7 
-**jL*vMIi(0»*.tf, Sim SflTffi, E#Tffi)*tt 
K^fcffiB-fSckfCfctK X-A^yX^Otu, &x 

&s„ x- 5 ywtimic «t o * * ^ojisaHe 

tf, £ivyX8KGri)*&mffiH@£kU 

1 l/>X»(Grl)<Dft5tC57-=&iBHU 

[0 0 3 8] S6(C«ftO|giT»tt, X-Ab^Xm 
©g^ffikJi^m?(SR)k<DF^(cEP$nS¥tf¥®« 
(PL)OJBttOJt*»D-/^7-f;l'^-0«|J««*Sl/ 
c<DP-MX7-c;l/^-kLTli> m^o*g B B a f4 

sift* tifc7j< B s B ^«» k -r s ^ssTiy □ -^t. 

[0 0 3 9] 

i/^nsx-Abyxis©#ifi)cii^s p>xh5^v'3 

CCT?ffi|fcLT*if«*BIWl~9tt, tuKEL/cmi~ 
»9 0**OJgftteJfn€nW(6:LT*»), ^1~^9 

<Dmffi<D&mz%t uyxmasKs 1 ~ia 9 )t±> wis 
-f s^iffitfij 1 ~9<DbyX^^n^n^LT^So 
[0 0 4 0] >x h 7 ^ -> a >f-? tfe 

ri 0=1. 2, 3, . . . )tife^»6)^TiSg<Dffi(D 
ffi?¥§W, di(i=l, 2, 3, . . . )(4»#«|3^6»jlTi# 
S<Oi±IFII(«)§iLTfeD, Ni(i=l,2,3,...), v 
i(i=l, 2, 3, . . . )t±«Bf*lll*^aATiSBO^S5g© 



(7) KrM 2001-350093 

11 12 
d*|tWf SSflf*(Nd),7'y^a(vd)*^LTV»5 0 *0.5m)<D7*- £ fctt-S^ 4 U>Xm(.Gr4)<D® 

K;K(f>H^^ffi«ttfil.M)~SSiig(g^KttiS8,T)-e [0 0 4 1] ffl4^&rifc*flWtt£nfciB«:. IPSE 

©BraEasiiBiHiT**. ftj»uSEiitt«ci).(M),(T)fe: TttfiR^nrcSTSscfc^u ?N»ffioii0gtt*a 

ttf&t 5 £&<DM&mffi (f , mm) MS F y / (FNO) * fc * (AS) T*£8 S tl 3 1> <D £ "T S 0 

X(H) = (C0-H 2 )/{l+y"(l-£-C0 2 -H 2 ))+(A4-H 4 +A6-H 6 +A8-H 8 +A10'H'° ) •••( 

AS) 

1O*0T&3„ 010-02 5^ WimM (H)«5F 



fc/c'U S(AS)t\ 

X(H) : i**H©tt«1f03ie(ft*|ftO«(ft»(iinHjSa 



I), 



H 

CO 

£ 

Ai 

[0 0 4 2] Hi 0-12 5{iHffiffll~£Sfi0j9CDlK 
SIB?* 0 , 010-018 1 ~$ttffll 9 (DM 

m)m&vmT*(Dwmm, 019-025 immm 1-20 [0043] 
mmm 1 » 

f =7. 5-25. 5-50. 6, FN0=2. 55-2. 96-3. 60 

im*m m±mwm vmm L7v<m 

rl= 63. 832 

dl= 1.200 Nl= 1.74000 v 1= 28.26 

r2= 46. 105 

d2= 4.909 N2= 1.49310 v 2= 83.58 

r3= 557.712 

d3= 0.100 

r4= 41.139 

d4= 3.518 N3= 1.49310 v3= 83.58 

r5= 95. 433 

d5= 1.000—28.553—40.964 

r6= 28. 766 

d6= 0.800 N4= 1.80420 v4= 46.50 

r7= 8. 145 

d7= 6.254 

r8= -24. 683 

d8= 0.800 N5= 1.80741 v5= 31.59 

r9= 408. 759 

d9= 2.972 N6= 1.84666 v6= 23.82 

rl0= -15.616 

dlO= 0.727 

rll= -12.222 

dll= 0.800 N7= 1.52510 v7= 56.38 

rl2*= -72.536 

dl2=24.622— 4.490— 1.000 

rl3= oo(ST) 

dl3= 0.800 



LTt^o ^ffiiRM0(cfcv>T, HIS(d)ttdlSlfc:Wf 



(8) firM 2 0 0 1 - 3 5 0 0 9 3 

13 14 
rl4= 11.863 

"dl4= 2.033 N8= 1.78831 v 8= 47.32 

rl5= 212.313 

dl5= 5.251 

rl6= -66.079 

dl6= 1.795 N9= 1.48749 v9= 70.44 

rl7= -10.997 

dl 7= 0.800 N10=l. 84666 v 10=23.82 

rl8*= 29.156 

dl8= 0. 100 

rl9= 12.934 

dl9= 3.092 Nl 1=1. 48749 v 11=70. 44 

r20*= -19.433 

d20= 0. 100 

r21= -788.619 

dZl= 4.662 N12=l. 79850 v 12=22. 60 

r22= -27.115 

d22= 1.000—7.000—1.000 

r23= 23. 066 

d23= 0. 800 Nl 3= 1 . 85000 v 1 3=40. 04 

r24= 11.361 

d24= 3.500 

r25= 11.740 

<J25= 1.826 N14=1. 79850 v 14=22. 60 

r26= 14. 538 

d26= 2.381-2.000—13.578 

r27= oo 

d27= 3.000 N15=l. 51680 v 15=64. 20 

r28= oo 

[0 0 4 4] 30 

\M\ 2ffi(rl2)£«ffix-*] 

e=l. 0000, A4=-0. 90791X10"' ,A6=-0. 27514 X10" 6 , A8=-0. 37035 X 10"" 
[Ml 8E(rl8)©H9*ffiT-*] 

e=l. 0000, A4= 0.28853X10" 1 ,A6= 0. 12716X10' 5 ,A8= 0.10778X10"' 

mz 0S(r20)O#Hfflf-^] 

£=1.0000 

[0 0 4 5] 



12)) 

f=7. 5-25. 5-50. 6, FN0=2. 48-3. 07-3. 60 
rl= 62.012 

dl= 1.200 Nl= 1.79850 v 1= 22.60 

r2= 50. 059 

d2= 3.893 N2= 1.49310 v2= 83.58 

r3= 264. 139 

d3= 0.100 

r4= 57. 561 

d4= 2.818 N3= 1.49310 v3= 83.58 

r5= 155.066 

d5= 1.000-30.739-48.448 



(9) ftffl 2 0 0 1 - 3 5 0 0 9 3 

15 16 
r6= 29. 965 

d6= 0.800 N4= 1.75450 v 4= 51.57 

r7= 9. 032 

d7= 7.570 

r8= -52. 559 

d8= 0.800 N5= 1.75450 v 5= 51.57 

r9= 21.530 

d9= 4.134 N6= 1.79850 v 6= 22.60 

rl0= -18.800 

dl0= 0.486 

rll= -15.910 

dll= 0.800 N7= 1.84666 v7= 23.82 

rl2*=-107. 564 

dl2=25. 513-4. 405-1. 000 

rl3= oo(ST) 

dl3= 0.800 

rl4= 13.086 

dl4= 1.832 N8= 1.80750 v8= 35.43 

rl5= 84.611 

dl5= 3.644 

rl6= 15.627 

dl6= 2.756 N9= 1.75450 v9= 51.57 

rl7= -12.357 

dl7= 0.800 N10=l. 84666 v 10=23.82 

rl8= 9.111 

dl8= 0. 100 

rl9= 7. 143 

dl9= 1.343 1)11=1.52510 v 11=56.38 

r20*= 13.828 

d20= 2. 118 

r21= 31.671 

d21= 1.530 N12=l. 79850 v 12=22. 60 

r22= -35.431 

d22= 1.000-5. 669-4. 095 

r23= 26. 961 

d23= 0. 800 Nl 3= 1 . 85000 v 1 3=40. 04 

r24= 9. 331 

d24= 2.307 

r25= 11.028 

d25= 1.289 N14=l. 79850 v 14=22.60 

r26= 14. 503 

d26= 2.123-2.989-8.644 

r27= -130.604 

d27= 1.347 N15=l. 79850 v 15=22. 60 

r28= -33.480 

d28= 0.858 

r29= oo 

d29= 3.000 N16=l. 51680 v 16=64. 20 

r30= oo 

[0 0 4 6] 50 



[0 0 4 7] 



(10) ftM 2001-350093 

17 18 
[Hi 2®(rl2)<D#J«r-*] 

£=1. 0000, A4=-0. 44023 X10" 4 ,A6=-0. 52908X10"' , A8=-0. 21921 X 10"" 
\£Z 0ffi(r20)O^ffix-^] 

£=1.0000,A4= 0.52117X10' 3 ,A6= 0.41505X10" 5 ,A8= 0.98968X10"' 



I3» 

f=7. 4—23. 0—49. 5, FN0=2. 22—2. 64-3. 60 

mm*m m±mmm\ mmm vrviw 

rl= 63.356 

dl= 1.200 Nl= 1.79850 v 1= 22.60 

r2= 49. 435 

d2= 4.655 N2= 1.49310 v2= 83.58 

r3= 579. 022 

d3= 0.100 

r4= 35. 101 

d4= 4.695 N3= 1.49310 v3= 83.58 

r5= 120.463 

d5= 1.000—20.900—28.705 

r6= 70. 488 

d6= 0.800 N4= 1.78831 v4= 47.32 

r7= 8. 526 

d7= 5.198 

r8= -90. 436 

d8= 0.800 N5= 1.75450 v5= 51.57 

r9= -785.404 

d9= 2.674 N6= 1.84666 v6= 23.82 

rlO= -17.628 

dlO= 0.515 

rll= -14.870 

dl 1= 0.800 N7= 1.48749 v7= 70.44 

rl2= 45.809 

dl2= 1.366 

rl3= -26.330 

dl3= 1.344 N8= 1.84666 v8= 23.82 

ri4*= -30.311 

dl4=23. 018-5. 870-1. 000 

rl5= oo(ST) 

dl5= 0.800 

rl6= 11.633 

dl6= 2. 165 N9= 1.80420 v 9= 46. 50 

rl7= 78.024 

dl7= 4.756 

rl8= -96.322 

dl8= 1.561 N10=l. 75450 v 10=51. 57 

rl9= -14.086 

dl9= 0.800 Nll=l. 84666 v 11=23. 82 

r20*= 20.484 

d20= 0. 155 

r21= 10.937 

d21= 2.506 N12=1. 48749 v 12=70. 44 



[0 0 4 8] 



[0 0 4 9] 



(11) «H» 2001-350093 

19 20 
r22*= -29. 274 

d22= 2. 186 

r23= 90. 101 

d23= 1.374 N13=l. 79850 v 13=22. 60 

r24= -61.263 

d24= 1.000—4. 206-1. 000 

r25= 29. 977 

d25= 0.800 N14=l. 85000 v 14=40. 04 

r26= 10. 683 

d26= 3.356 

r27= 11.252 

d27= 1.235 N15=l. 79.850 v 15=22. 60 

r28= 13. 786 

d28= 1.399-3.217-16.734 

r29= 22. 159 

d29= 1.546 N 16= 1.79850 v 16=22.60 

r30= 89. 583 

d30= 1.176 

r31= oo 

d31= 3.000 N17=l. 51680 v 17=64.20 

r32= co 

[111 4ffl(rl4)<D#££ffif J -*] 

£=1. 0000, A4=-0. 55658 X10" 4 , A6=-0. 18456 X 10' 6 , A8=-0. 60664 x 10' 8 
[$2 Offi(r20)<D#I£Ex-#] 

e=l. 0000, A4= 0.28248X10" 3 ,A6= 0. 17454X10" 5 ,A8= 0.32532X 10" 7 

ib 2 zmmxbimmT-z] 

e-1.0000 



|4» 

f=7. 4-35. 9-49. 6, FN0=2. 88-3. 04-3. 63 

mm*®] m±mrm] mmm irv^m 

rl= 60. 590 

dl= 1.200 Nl= 1.84666 v 1= 23.82 

r2= 47.616 

d2= 5.549 N2= 1.49310 v2= 83.58 

r3= 603. 843 

d3= 0.100 

r4= 39.319 

d4= 4.325 N3= 1.49310 v3= 83.58 

r5= 105. 185 

d5= 1.000-32.186—36.134 

r6= 50. 395 

d6= 0.800 N4= 1.85000 v 4= 40.04 

r7= 8. 808 

d7= 5.350 

r8= -22. 935 

d8= 0.800 N5= 1.85000 v 5= 40.04 

r9= 16.429 

d9= 5.107 N6= 1.71736 v6= 29.50 



[0 0 5 0] 



(12) ^12 00 1 -3 5 009 3 

21 22 
rlO= -17.500 

dlO= 0. 100 

rll*= 54.395 

dll= 2.000 N7= 1.84506 v7= 23.66 

r!2= 1000.000 

dl2= 1.278 

rl3= -19.690 

dl3= 0.800 N8= 1.75450 v 8= 51.57 

rl4= -77.927 

d!4=22. 063—1. 444-1. 300 

rl5= oo(ST) 

dl5= 0.800 

rl6= 12.783 

dl6= 2.898 N9= 1.85000 v 9= 40.04 

rl7= 105.738 

dl7= 3.453 

rl8*= 37.506 

dl8= 2.226 N10=l. 84506 v 10=23. 66 

rl9= 9.939 

dl9= 1.104 

r20= 12.962 

d20= 4.135 Nll=l. 69680 v 11=55. 43 

r21= -8.915 

d21= 0.800 N12=l. 84666 v 12=23. 82' 

r22=26007. 802 

d22= 1.396 

r23= 186.617 

d23= 2.183 N13=l. 83350 v 13=21.00 

r24= -21.147 

d24= 1.810-6.450-1.000 

r25= 38. 703 

d25= 0.800 N14=l. 85000 v 14=40.04 

r26= 13.436 

d26= 4.085 

r27= 14.114 

d27= 1.362 Nl 5=1. 83350 v 15=21. 00 

r28= 18. 526 

d28= 1.000—5.337—17.559 

r29= 16.513 

d29= 1.967 N16=l. 48749 v 16=70. 44 

r30= 44. 597 

d30= 1.479 

r31= oo 

d31= 3.000 N17=l. 51680 v 17=64. 20 

r32= oo 

[m\ l®(rll)<DpE£®ir-£] 

e=1.0000,A4= 0.40063X10" 4 ,A6= 0.39528X10"' , A8=-0. 29922 X 10 ° 
[Hi 8®(rl8)cOl^®x-^] 

e =1. 0000, A4=-0. 11545 X10 ' 1 , A6=-0. 96168 X 10"* ,A8= 0. 16989X10"' 



[0 0 5 1] 



(13) RfM2 0 0 1 -3 5 0 0 9 3 

23 24 

f=8. 9-33. 7~84. 8, FN0=2. 43~3. 17—3. 60 

mm*®] on±ffiHVH] mm] irvw 

rl= 171.427 

dl= 1.497 Nl= 1.84666 v 1= 23.82 

r2= 114.665 

d2= 6.918 N2= 1.49310 v 2= 83.58 

r3= -850.123 

d3= 0.100 

r4= 96.816 

d4= 4.523 N3= 1.49310 v 3= 83.58 

r5= 348. 049 

d5= 2.486-40.898-95.614 

r6*= 24. 483 

d6= 2.000 N4= 1.75450 v 4= 51.57 

r7= 12. 754 

d7= 11.729 

r8= -33. 584 

d8= 0.800 N5= 1.52208 v 5= 65.92 

r9= 21.063 

d9= 4.926 N6= 1.84705 v 6= 25.00 

riO= -81.045 

dl0= 0.838 

rll= -40.184 

dll= 0.800 N7= 1.74495 v7= 24.47 

rl2= 99.136 

dl2=41. 883-2. 565-1.250 

rl3= oo(ST) 

dl3= 1.500 

rl4= 12.436 

dl4= 3.485 N8= 1.75450 v8= 51.57 

rl5= -172.448 

dl5= 1.166 

rl6= 375.028 

dl6= 0.800 N9= 1.71675 v9= 26.91 

rl7= 30. 185 

dl7= 1.000-1. 169-1.244 

ri8*= 16.888 

dl8= 1.922 N10=l. 84666 v 10=23. 82 

rl9= 11.475 

dl9= 1.988-11.017-23.820 

r20*= 25.613 

d20= 0.800 Nll=l. 75000 v 11=25. 14 

r21= 14. 963 

d21= 0.077 

r22= 15.312 

d22= 1.202 Nl 2=1. 75450 v 12=51. 57 

r23= 16.980 

d23= 0. 356 



[0 0 5 2] 



[0 0 5 3] 



(14) ^12 0 0 1 -3 5 0 0 9 3 

25 26 
r24= 16. 249 

d24= 6.391 N13=1. 49310 v 13=83. 58 

r25= -22.015 

d25= 1.962 

r26= -13.823 

d26= 3.437 N14=l. 84666 v 14=23. 82 

r27= -14.151 

d27= 2. 000-12. 427—6. 704 

r28*= 20.728 

d28= 2.834 N15=l. 52510 v 15=56.38 

r29= 15.822 

d29= 1.307 

r30= oo 

d30= 3.000 N16=l. 51680 v 16=64. 20 

r31= oo 

[!&6ffi(r6)<Dl|^ffir-*] 

£=1.0000, A4= 0.66358X10" 5 ,A6= 0. 71481 X10" 9 ,A8= 0. 49766X lO"'" 

8ffi(rl8)(D^ffix-^] 
£=1.0000,A4=-0. 10218X10" 3 , A6=-0. 12797 x 10" 5 ,A8= 0. 10173X10" , 
A10=-0. 34395 X10" 9 

[^2 om(r2o)<DimmT-$] 

e =1. 0000, A4=-0. 34705 XI 0" 4 , A6= 0. 10595 XI 0" 6 ,A8=-0. 43764X10"° , 
A10= 0. 17721 X10" 10 

e=l. 0000, A4=-0. 59570 X10" 5 ,A6=-0. 55853 X10" 6 ,A8= 0.11878X10"' , 
AlO=-0. 14101 X 10" 9 

«HSS$J6» 

f=7. 1-53. 0-68. 6, FN0=2. 55-3. 60-3. 60 

mm*mi m±mmmi vmm Lr-y^m 

rl= 81.309 

dl= 1.400 Nl= 1.84666 v 1= 23.86 

r2= 63. 920 

d2= 4.957 N2= 1.49310 v 2= 83. 58 

r3= -2566. 999 

d3= 0.100 

r4= 72. 424 

d4= 2.914 N3= 1.49310 v3= 83.58 

r5= 204. 372 

d5= 0. 900-54. 218—57. 909 

r6*=-2187. 849 

d6= 1.200 N4= 1.77250 v 4= 49.77 

r7*= 14.815 

d7= 8.614 

r8= -22. 207 

d8= 1.500 N5= 1.84668 v 5= 23.86 

r9= -39. 485 

d9= 0.100 

rlO= 528.712 



[0 0 5 4] 



(15) ftM 2001-350093 

27 28 
dlO= 4.283 N6= 1.84666 v 6= 23.82 

rll= -27.851 

dll= 1.412 

rl2= -19.591 

dl2= 1.000 N7= 1.49310 v7= 83.58 

rl3= -80.805 

dl3=40. 111-0.619-0. 100 

rl4= oo(ST) 

dl4= 1.200 

rl5*= 20.034 

dl5= 3.327 N8= 1.77112 v8= 48.87 

rl6= 2658.231 

dl6= 0. 100 

rl7= 24.453 

dl7= 1.028 N9= 1.61287 v9= 33.36 

rl8*= 9.473 

dl8= 0.432 

rl9= 12.678 

dl9= 2.612 N10=1. 75450 v 10=51. 57 

r20= -167.012 

d20= 0.537-1.270-1.348 

r21= -32.395 

d21= 6.981 Nl 1=1. 64379 v 1 1=56. 31 

r22= -11.929 

d22= 0. 100 

r23*= -13.515 

d23= 1.708 N12=l. 63456 v 12=31. 17 

r24*= 24.372 

d24= 0.263-19.944-27.790 

r25= 19.740 

d25= 4.770 N13=l. 79850 v 13=22. 60 

r26= 13.053 

d26= 0. 100 

r27= 13. 309 

d27= 5.694 N14=l. 68636 v 14=54. 20 

r28= -129.207 

d28= 4. 148-5. 575-2. 763 

r29= oo 

d29= 3.000 N15=1. 51680 v 15=64.20 

r32= oo 

[»6ffi(r6)0Hafi&r-*] 

e=1.0000, A4= 0. 29074 XIO"" , A6=-0. 89940 X 10"' ,A8= 0. 16625 XI 0" s 

£=1.0000,A4= 0.44003X10" 5 ,A6= 0.99743X10° . A8=-0. 48301 X 10"' 
\M \ 5ffi(rl5)0#«ffi7*-*] 

£=1.0000,A4=-0. 11178X10 3 ,A6= 0. 10605 XI 0" 5 , A8=-0. 21375X 10" 7 . 

A10= 0.22240X10" 9 

\m 1 8ffi(rl8)<D#B£ffir-#] 

e=l. 0000, A4=-0. 24094 xio" ,A6= 0.11663X10" 5 , A8=-0. 57504 X 10"' , 
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(16) ^2001-350093 
29 30 
A10= 0. 66415 X10" 9 
[812 3Mr23)<D#OTf-#] 

£=1.0000,A4= 0. 12224X10 3 , A6=-0. 66295 x 10' 5 ,A8= 0.74249X10' 7 
IB 2 4ffi(r24)©#iE*BiT-*] 

e=1.0000,A4= 0.29363X10" 3 ,A6=-0. 57030 X10" 5 ,A8= 0.80185X10"' 

f =7. 1 ~20. 0—49. 0, FN0=2. 50—3. 03—3. 66 
rl= 111.111 

dl= 1.400 Nl= 1.79850 v 1= 22.60 

r2= 85. 390 

d2= 4.303 N2= 1.49310 v2= 83.58 

r3= -1831.972 

d3= 0.100 

r4= 43. 431 

d4= 4.988 N3= 1.49310 v3= 83.58 

r5= 130.083 

d5= 0.900—24.171—43.681 

r6= 35. 035 

d6= 1.200 N4= 1.75450 v4= 51.57 

r7= 10.040 

d7= 4.791 

r8= -96. 605 

d8= 1.100 N5= 1.75450 v 5= 51.57 

r9= 15. 175 

d9= 1.925 

riO*= 25.398 

dl0= 3.981 N6= 1.84666 v 6= 23.82 

rll*= -43.373 

dll= 1.258 

rl2= -15.932 

dl2= 1.000 N7= 1.48749 v7= 70.44 

rl3= -134.899 

d 13=20. 871—5. 426—0. 600 

rl4= oo(ST) 

dl4= 0. 600 

rl5= 11.251 

dl5= 2.129 N8= 1.75450 v8= 51.57 

rl6= 422.558 

dl6= 4. 585 

rl7*= -39.509 

dl7= 1.500 N9= 1.70395 v 9= 26.41 

rl8*= 12. 891 

dl8= 0.596 

rl9= 12.874 

dl9= 2.614 N10=l. 48749 v 10=70. 44 

r20= -14.240 

d20= 1.806-1.837-3.682 

r21=-8157. 937 
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(17) ft|ffl2 0 0 1 -3 5 0 0 9 3 

31 32 
d21= 0.800 Nl 1=1. 71649 v 11=25. 74 

r22= 13.228 

d22= 0. 445 

r23= 13.631 

d23= 1.919 N12=l. 48749 v 12=70. 44 

r24= 668.856 

d24= 3. 002—1. 300-12. 240 

r25= 31.322 

d25= 1.691 Nl 3=1. 79850 v 13=22. 60 

r26= 217.261 

d26= 0. 500-9. 743-7. 994 

r27= 18.461 

d27= 4.643 N14=l. 79850 v 14=22. 60 

r28= -11.955 

d28= 0. 460 Nl 5=1 . 83724 v 1 5=30. 1 7 

r26= 21.532 

d29= 0. 900 

r30= oo 

d27= 3.000 N16=l. 51680 v 16=64. 20 

r31= oo 
[mi OEGiO)G>#I*®T-*] 

£=1.0000, A4= 0.34767X10"" ,A6= 0.63939X10" 7 . A8=-0. 15659 X 10" 8 
\Ml lffi(rll)0*SHB57*-*] 

e =1. 0000, A4=-0. 11239X10"" , A6=-0. 50907X 10"' , A8=-0. 20881 X 10" 8 
[Hi 7E(rl7)<D#i#ffix-#] 

£=1.0000,A4=-0.53164X10' 3 ,A6= 0. 11706X10"'' , A8=-0. 13639 X 10" 6 
mi 8ffi(rl8)<D^«ffir-^] 

e=l. 0000, A4=-0. 23930 X10" 3 ,A6= 0.14046X10"" , A8=-0. 15638 X 10" 6 

[0057] mmms} 30 

f=7. 5-45. 0-71. 5, FN0=2. 17-2. 89-3. 60 
rl= 65.664 

dl= 1.200 Nl= 1.75518 v 1= 29.92 

r2= 47. 591 

d2= 5.244 N2= 1.49310 v 2= 83.58 

r3= 217.318 

d3= 0. 100 

r4= 51.066 

d4= 4.398 N3= 1.49310 v3= 83.58 

r5= 185. 539 

d5= 1.000-45.300-49.091 

r6= 45. 239 

d6= 0.800 N4= 1.75450 v4= 51.57 

r7= 10.516 

d7= 7.570 

r8= -40.143 

d8= 0.800 N5= 1.80223 v 5= 44.75 

r9= 23. 630 

d9= 5.046 N6= 1.79123 v 6= 22.82 
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(18) ftM 2001-350093 

33 34 
rlO= -18.887 

dlO= 0. 656 

rll= -15.690 

dl 1= 0.800 N7= 1.84666 v 7= 23.82 

rl2*= -43. 100 

dl2=35. 757-5. 453-1.000 

rl3= oo(ST) 

dl3= 0.800 

rl4= 13.866 

dl4= 2.194 N8= 1.78923 v8= 46.34 

rl5= 74.387 

dl5= 5.348 

rl6= 13.726 

dl6= 3.113 N9= 1.73284 v 9= 52.33 

rl7= -13.373 

dl7= 0.800 N10=l. 84758 v 10=26. 81 

rl8= 8. 964 

dl8= 0. 100 

rl9= 7.206 

dl9= 1.439 Nll=l. 52510 v 11=56. 38 

r20*= 14.351 

d20= 2. 601 

r21= 21.969 

d21= 1.379 1112=1.79850 v 12=22. 60 

r22=-1723.989 

d22= 1.000-3.838-2.749 

r23= 342.635 

d23= 0.800 N13=l. 66384 v 13=35. 98 

r24= 8. 966 

d24= 3. 000 

r25= 24. 255 

d25= 1.566 N14=l. 79850 v 14=22. 60 

r26*= 120.635 

d26= 1.000-5.947-14.698 

r27= 25. 459 

d27= 1.667 N15=l. 79850 v 15=22. 60 

r28= 884.189 

d28= 1.019 

r29= oo 

d29= 3.000 N16=l. 51680 v 16=64. 20 

r30= oo 

[SU 2ffi(rl2)<D#J*ffix-#] 

e=l. 0000, A4=-0. 28880 X10" 1 , A6=-0. 39221 X 10~ 7 , A8=-0. 58769 X 10~ 9 
K2OS(r20)©«If-^] 

e=1.0000,A4= 0.44180X10"' ,A6= 0.35794X10" 5 ,A8= 0.93325X10" 7 
[812 6ffi(r26)<D#EMr-*] 

£ =1. 0000, A4=-0. 73523 XI 0" 4 , A6=-0. 60792 X 10~ 6 , A8=-0. 59550 X 10" 8 



(19) «fB82 0 0 1 -3 5 0 0 9 3 

35 36 

f=7. 5—54. 0—86. 0, FN0=2. 10—2. 84—3. 60 

rl= 90.273- 

dl= 1.200 Nl= 1.83304 v 1= 41.53 

r2= 50. 609 

d2= 6.584 N2= 1.49310 v 2= 83.58 

r3= 491.903 

d3= 0.100 

r4= 50.212 

d4= 5.970 N3= 1.49310 v3= 83.58 

r5= 293. 841 

d5= 1.000-56.319-60.499 

r6= 53. 739 

d6= 0.800 N4= 1.75450 v4= 51.57 

r7= 11.112 

d7= 7.570 

r8= -105.475 

d8= 0.800 N5= 1.76442 v 5= 49.91 

r9= 16.958 

d9= 6.473 N6= 1.77039 v 6= 23.51 

rl0= -22.262 

dl0= 0.563 

rll= -19.229 

dl 1- 0.800 N7= 1.84666 v 7= 23. 82 

rl 2*=- 140. 106 

dl2=34. 166-4. 250-1.000 

rl3= oo(ST) 

dl3= 0. 800 

rl4= 14.098 

dl4= 2. 180 N8= 1.83255 v 8= 41.58 

rl5= 75.309 

dl5= 4.215 

rl6= 13.256 

dl6= 3. 141 N9= 1.71070 v 9= 53. 17 

ri7= -15.268 

dl7= 0.800 N10=l. 80992 v 10=25. 83 

rl8= 7.879 

dl8= 0.274 

rl9= 7.000 

dl9= 1.461 Nl 1=1. 52510 v 11=56.38 

r20*= 13.820 

d20= 3. 133 

r21= 21.375 

d21= 1.301 N12=l. 79850 v 12=22. 60 

r22= 2254. 283 

d22= 1.000—3.613—1.086 

r23= 2109.616 

d23= 0. 800 N 1 3= 1 . 64794 v 1 3=36. 75 

r24= 9. 838 

d24= 2. 907 
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[006 1] 



37 

r25= 21.069 

r26*= 59.731 

r27= 21.610 

r28= 97. 515 

r29= oo 

r30= oo 



(20) 



d25= 1.316 N14=l. 79850 v 14=22. 60 



d26= 1.000-6. 745-18. 339 



d27= 1.710 N15=l. 84666 v 15=23. 82 



d28= 1. 154 



d31= 3.000 N16=l. 51680 v 16=64. 20 



Wffl2 0 0 1-350093 
38 



im \ 2ffl(rl2)^Wf-^] 

£ =1. 0000, A4=-0. 26006X10"* , A6=-0. 12948X10"' , A8=-0. 69799X 10' 9 
[|g2 Offi(r20)(D#J$ffiT-2] 

e=1.0000,A4= 0.39398X10" 3 ,A6= 0.33896X10" 5 ,A8= 0. 11071 X 10" 6 
[312 6S(r26)©IOTx-^] 

£=1. 0000, A4=-0. 53134 X10' 4 , A6=-0. 59377 X 10' 6 ,A8= 0.30506X10'" 

* * [^1] 
(7t -1lX=r-9y 



»»E«(«j5--*iD) : D=0.5(m) 
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